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ABSTRACT

Chemotherapy agents available for the treatment of stage II and stage
III colon cancer have changed substantially since the 1992 National
Institutes of Health consensus report recommended that all stage III
patients routinely receive adjuvant treatment with 5-fluorouracil/
levamisole. Subsequent trials demonstrated superiority of 5-fluorouracil/
leucovorin over 5-fluorouracil/levamisole in the adjuvant setting, and
the recent addition of oxaliplatin to this regimen has further improved
disease-free survival. While stage III colon cancer patients are routinely
treated, the use of adjuvant chemotherapy in patients with stage II
disease is still a subject of debate. Many trials that are assessing the
potential role of biologics in the adjuvant setting will soon be completed.
However, identifying molecular prognostic markers that accurately
select patients with stage II or III cancers who are at risk of recurrence
would be essential to select and individualize therapy.
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Early detection strategies for colorectal
cancer appear to be paying off, as

suggested by the recently reported
decrease in the annual death rate in the
United States. Despite that, colorectal
cancer remains both a significant health
problem in the West and an increasingly
common problem in Asia and South
America. In the United States alone,
approximately 112,340 new cases of colon
cancer, representing 7.8% of total cancer
cases, are projected for the year 2007.1

Approximately 8.5% of total cancer deaths
are caused by colon cancer, based on data
from 2003, the most recent year for which
colon cancer (excluding rectum) mortality
data are available.2 Because 77% of first
diagnoses are characterized as localized or
regional tumors, the majority of colon
cancer patients will be candidates for
adjuvant therapy.

The prognosis of colon cancer patients
is most accurately predicted by the patho-
logic stage of the cancer. Surveillance,

Epidemiology, and End Results (SEER)
data accumulated for 1991 through 2000
indicated that the 5-year survival rates by
stage were 93.2% for stage I, 82.5% for
stage II, 59.5% for stage III, and 8.1% for
stage IV, based on the 5th edition of the
American Joint Committee on Cancer
(AJCC) staging guidelines.3 However, a re-
evaluation of the same patient data using
the updated AJCC staging guidelines (6th
edition, published in 20034), which subdi-
vided stage II and III cancers, found that
the 5-year survival rates were 93.2% for
stage I, 84.7% for stage IIa, 72.2% for
stage IIb, 83.4% for stage IIIa, 64.1% for
stage IIIb, 44.3% for stage IIIc, and 8.1%
for stage IV patients.3 Interestingly, this
restratification of patients diagnosed with
colon cancer from 1991 to 2000 revealed
that significantly fewer patients (P < .001)
with stage IIb tumors survived 5 years than
those with stage IIIa tumors. It is plausible
that some of the notable difference in
patient outcome resulted from the routine

availability of adjuvant chemotherapy for
patients with stage III disease, but not for
those with stage II. This phenomenon
supports the notion that former practice
standards did not adequately address the
treatment needs of a high-risk subpopula-
tion of patients with stage II tumors.

The task of this panel was to create an
updated consensus that integrates newly
available data and trial findings, and to
provide an expert analysis of new data
relevant to the current adjuvant treatment
setting.

ADJUVANT CHEMOTHERAPY
OF COLON CANCER: A
HISTORICAL PERSPECTIVE
Despite decades of clinical trials, it was not
until the 1990s that the value of adjuvant
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chemotherapy for colon cancer was firmly
established. Mature data published in
1995 of a large Intergroup phase III trial
(INT 0035) demonstrated that adjuvant
chemotherapy significantly reduced the
recurrence rate in patients with stage III
disease.5 In this trial, 929 patients with
node-positive, resectable tumors were
randomly assigned to observation (n = 315),
levamisole alone (n = 310), or 5-fluorouracil
(5-FU) plus levamisole (n = 304) after
surgery. At a median follow-up of 6.5
years, median overall survival (OS) rates
were 46.7% and 49%, respectively, in
patients who received no chemotherapy or
levamisole alone after surgery, and 60% in
those treated with 5-FU/levamisole (5-FU/
lev) (P = .0007). The survival advantage in
the 5-FU–treated patients corresponded
with a 40% reduction in recurrence rate.

In response to an early report of this
work, a consensus panel convened by the
National Institutes of Health (NIH) recom-
mended that adjuvant chemotherapy with
5-FU plus levamisole be routinely offered
to patients with stage III colon cancer.6–8 At

that time, the NIH consensus panel was
not prepared to make a similar recommen-
dation for those with stage II disease. A
subsequent NIH statement in 1992 reiter-
ated that 5-FU/lev should be standard
treatment for stage III disease but not stage
II disease, as a separate, underpowered
trial of 5-FU/lev compared to surgery alone
for stage II disease failed to show a benefit
for adjuvant treatment.5

The National Surgical Adjuvant Breast
and Bowel Project (NSABP) concurrently
evaluated the efficacy of 5-FU in combina-
tion with leucovorin (LV) rather than
levamisole. Results from the NSABP C-03
trial indicated that 5-FU/LV was an active
treatment regimen for colon cancer in the
adjuvant setting, precipitating a head-to-
head comparison between 5-FU/lev and 5-
FU/LV.9 In the landmark NSABP C-04 trial,
more than 2,000 patients with stage II and
stage III colon cancer were randomized
between treatment with 5-FU/LV (n = 691),
5-FU/lev (n = 691), or 5-FU/LV/lev (n =
696).10 For both primary end points of the
trial, disease-free survival (DFS) and OS, 5-

FU/LV demonstrated superiority to 5-
FU/lev for the adjuvant treatment of both
stages II and III colon cancer. For stage II
patients, 5-FU/LV reduced the risk of
recurrence by 22% according to 5-year
DFS (75% vs. 71%) and by 29% according
to 5-year OS (84% vs. 81%).

Interestingly, stage of disease had no
apparent effect on the relative efficacy of
treatment, as stage III patients treated with
5-FU/LV experienced a 13% relative risk
reduction according to 5-year DFS (57%
vs. 53%) and 10% by 5-year OS (67% vs.
63%) compared to those treated with 5-FU/
lev. Findings of the trial supported the use of
5-FU/LV rather than 5-FU/lev as standard-
of-care adjuvant chemotherapy for patients
with stage III colon cancer and, further,
suggested a potential role of 5-FU/LV in
patients with stage II disease.

Another pivotal phase III trial open
during the early 1990s was the Intergroup
0089 trial (INT 0089), which directly
compared the efficacy of 5-FU/LV and 5-
FU/lev as well as the two most common
dose/schedules for the administration of 5-

Table 1. Key clinical trials in the adjuvant colorectal carcinoma setting.

Primary Disease
End Stage

Clinical Trial N Points Included Trial Conclusions Reference

INT-0035 929 OS III 5-FU/levamisole superior to observation Moertel et al, J Clin Oncol 19955

NSABP C-04 2,078 DFS, OS Dukes B/C 5-FU/LV superior to 5-FU/levamisole Wolmark et al, J Clin Oncol 199910

INT-0089 3,759 DFS II or III Equivalency of 6 and 12 month treatment Haller et al, J Clin Oncol 200511

cycles and of high-dose vs. low-dose LV

QUASAR 3,238 OS II 5-FU/LV superior to observation Gray et al, ASCO 200428

(improves stage II survival by 3.1%)

GERCOR C96 905 DFS Dukes B2/C Equivalency of LV5FU2 and monthly 5-FU/LV Andre et al, ASCO 200537

X-ACT 1,987 DFS III Capecitabine equivalency with LV5FU bolus; Twelves et al, N Engl J Med 200519

less toxic

NSABP C-06 1,553 DFS II or III Equivalency of UFT/LV and 5-FU/LV Wolmark et al, ASCO 200438

(UFT not approved in US)

MOSAIC 2,246 DFS II or III Superiority of FOLFOX4 to LV5FU2 Andre et al, N Engl J Med 200417

(improves DFS 3% for all stage II,
5% for high risk stage II)

NSABP C-07 1,407 DFS II or III Bolus 5-FU/LV+oxaliplatin (FLOX) Kuebler et al, J Clin Oncol 200724

superior to 5-FU/LV

CALGB 89803 1,264 OS III No bolus IFL in stage III adjuvant CRC Saltz et al, ASCO 200418

PETACC-3 3,278 DFS II or III LV5FU2 + CPT-11 not superior to LV5FU2 Van Cutsem et al, ASCO 200526

(statistically insignificant)

Abbreviations: 5-FU = 5-fluorouracil; CALGB = Cancer and Leukemia Group B; CPT-11 = irinotecan; CRC = colorectal carcinoma; DFS = disease-free survival;
FOLFOX4 = 5-fluorouracil/leucovorin/oxaliplatin; GERCOR = Groupe d’Etude et de Recherche en Cancréologie Onco-Radiothérapic; IFL = irinotecan/fluorouracil/
leucovorin; LV = leucovorin; LV5FU2 = leucovorin/5-fluorouracil; MOSAIC = Multicenter International Study of Oxaliplatin/5-FU/ Leucovorin in the Adjuvant
Treatment of Colon Cancer; NSABP = National Surgical Adjuvant Breast and Bowel Project; OS = overall survival; PETACC = Pan-European Trial in Adjuvant
Colon Cancer; QUASAR = Quick and Simple and Reliable; UFT = uracil/tegafur; X-ACT = Xeloda in Adjuvant Colon Cancer Therapy.
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FU/LV, the Roswell Park (5-FU and high-
dose LV) and the Mayo Clinic (5-FU and
low-dose LV) regimens.11 A total of 3,561
eligible stage II and stage III patients were
randomly assigned to one of four treatment
arms and then followed for a median of 10
years. The four treatment arms were 5-
FU/lev (12-month protocol), 5-FU/high-
dose LV (Roswell Park, 7 months), 5-
FU/low-dose LV (Mayo, 6 months), and
5-FU/ LV/lev (6 months). Results for both
5-year DFS and OS (after a 10-year follow-
up) demonstrated equivalent efficacy for
all treatment arms. These results provided
a choice for patient treatment schedules
based on toxicities and other existing
factors rather than on maximization of
survival outcome.

RECENT DEVELOPMENTS IN
ADJUVANT CHEMOTHERAPY
Starting in the mid 1990s, bolus 5-FU/LV
(the Roswell Park or Mayo Clinic regimen)
was considered standard adjuvant therapy
for stage III colon cancer. Since then, the
introduction of new cytotoxic chemotherapy
agents, reports of clinical trial findings using
combination chemotherapy, and redefi-
nition of clinical benefit for high-risk colon
cancer have altered the landscape of ad-
juvant therapy for colon cancer (Table 1).

Conventional Chemotherapeutic
Agents
Prior to 2000, several new chemothera-
peutic agents investigated for antitumor
activity in the metastatic colorectal cancer
(mCRC) setting were considered to hold
promise for the adjuvant setting. The
success in the late 1990s of irinotecan in

US trials and of oxaliplatin in European
trials in the treatment of mCRC resulted in
the initiation of clinical studies assessing
potential roles for these agents in the
adjuvant setting. Several phase III trials of
oxaliplatin and irinotecan investigated
potential improvement of patient outcomes
when these agents were administered in
combination with 5-FU/LV.12–18 In addition,
an orally bioavailable prodrug of 5-FU,
capecitabine, was introduced into the
adjuvant setting and investigated for
noninferiority to bolus 5-FU/LV (the Mayo
Clinic regimen).19 Results from trials of
these three agents helped shape the
current treatment approaches that are
endorsed by this panel.

Elderly Benefit From Adjuvant
Chemotherapy
The landmark meta-analysis of seven
phase III trials, published by Sargent et al
in 2001, compared the outcomes of 3,351
patients treated with 5-FU/LV or 5-FU/lev
after surgery vs. those treated with surgery
alone.20 The study revealed that adjuvant
chemotherapy improved OS (hazard ratio
[HR] = 0.76; 95% confidence interval [CI],
0.68–0.85; P < .001) and time to tumor
recurrence (HR = 0.68; 95% CI, 0.60–
0.76; P < .001), with a 5-year OS of 71%
for those who received chemotherapy and
64% for those who did not. Importantly,
the improvement in patient outcome
extended to patients older than 70 years of
age, indicating that patients of all ages who
were eligible for and enrolled in clinical
trials receive the same benefit from
adjuvant chemotherapy. Additionally, older
patients did not suffer more toxic effects

from chemotherapy than those who were
younger, with the exception of asymp-
tomatic neutropenia.

A key finding of this analysis was that
patient age should not determine patient
selection for treatment with adjuvant
chemotherapy; rather, the presence or
absence of comorbid conditions and
patient preference were of paramount
importance in decision making in the older
person with colorectal cancer.

AJCC Subdivided Stage II and III
Updated staging characteristics released
in the 6th edition of the AJCC tumor
staging manual subdivided stage II and III
tumors based on T stage and the number
of positive lymph nodes.4 This development
was central to improving stratification in
trials and assessing the efficacy of drugs in
particular patient populations.

Biomarkers of High-Risk Disease
Identifying molecular markers that corre-
late with poor prognosis has remained a
priority in colon cancer research. Many
markers have been investigated as potential
aides in selecting patients at high risk of
recurrence. Of particular interest to
adjuvant chemotherapy of colon cancer is
the loss of heterozygosity at chromosome
18q (LOH18q) and the presence of
microsatellite instability (MSI) which are
the first biomarkers to be used for patient
stratification in a prospective clinical trial.
While there is preliminary evidence
suggesting the possible utility of these
determinants, they are not ready for use in
practice. The recent position paper from
the American Society of Clinical Oncology

Table 2. Regimens currently appropriate for adjuvant chemotherapy of colon cancer.

Name Protocol

5-FU/LV (bolus) Mayo or Roswell Park regimens

LV5FU2 LV 200 mg/m2, 5-FU 400 mg/m2 bolus followed by 5-FU 600 mg/m2 22-hr infusion, given every 14 days for 12
cycles

Capecitabine Capecitabine 1,250 mg/m2 twice daily for 14 days every 3 weeks

FLOX 5-FU/LV: 5-FU 500 mg/m2 bolus every week for 6 weeks, LV 500 mg/m2 every week for 6 weeks of 8-week cycle,
for 3 cycles + 85 mg/m2 oxaliplatin on week 1, 3, and 5 of each cycle

mFOLFOX6 LV 400 mg/m2 IV on day 1, 5-FU 400 mg/m2 IV bolus on day 1 followed by 2,400 mg/m2 by continuous IV infusion
over 46 hours (day 1 and day 2); oxaliplatin 85 mg/m2 IV day 1; every 14 days for 12 cycles (6 months)

FOLFOX4 LV5FU2 + oxaliplatin 85 mg/m2 IV on day 1 (with leucovorin)

Abbreviations: 5-FU = 5-fluorouracil; IV = intravenous; LV = leucovorin.
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(ASCO) provides us with a summary of the
use of biomarkers in colon cancer.21 The
following is the authors’ conclusion:

For colorectal cancer, it is recommended that
carcinoembryonic antigen (CEA) be ordered
preoperatively, if it would assist in staging and
surgical planning. Postoperative CEA levels
should be performed every 3 months for stage
II and III disease for at least 3 years if the
patient is a potential candidate for surgery or
chemotherapy of metastatic disease. CEA is
the marker of choice for monitoring the
response of metastatic disease to systemic
therapy. Data are insufficient to recommend
the routine use of p53, ras, thymidine
synthase, dihydropyrimidine dehydrogenase,
thymidine phosphorylase, microsatellite insta-
bility, 18q loss of heterozygosity, or deleted in
colon cancer (DCC) protein in the manage-
ment of patients with colorectal cancer.21

ADJUVANT TREATMENT OF
COLON CANCER
In the adjuvant setting, formulation of
postsurgical therapeutic strategies should
be individualized and depends on patient
history, existing or competing comorbidi-
ties, and tumor characteristics. Adjuvant
therapy is multidisciplinary in nature, and
requires that community oncologists play a
central role in integrating information from
medical, surgical, and pathologic evalua-
tion of disease. It is worth noting that
adequate surgical intervention and ac-
curate pathologic staging are paramount to
devising appropriate postsurgical treat-
ment avenues.

Adjuvant Chemotherapy for Stage
III Colon Cancer

Recommendation
The panel recommends that chemotherapy
with an oxaliplatin/fluoropyrimidine-con-

taining regimen should routinely be offered
to all patients for the adjuvant treatment of
stage III colon cancer (Table 2). The efficacy
of combining capecitabine and oxaliplatin
in this disease setting are currently not
supported by data, although this issue is
under study in phase III trials. The value of
6 months of adjuvant chemotherapy
compared to the risk of cumulative toxicity
should be addressed on an individual
basis. The panel supports discontinuing
oxaliplatin and continuing with 5-FU/LV
alone when oxaliplatin-related toxicities
such as thrombocytopenia and neuropathy
become problematic. This is particularly
true if the cumulative oxaliplatin dose is in
excess of 765 mg/m2.

Other treatment regimens appropriate
for this disease setting in patients who are
not candidates for combination therapy
due to comorbidities or personal preference
are bolus or infusional 5-FU/LV regimens or
oral capecitabine. The panel recognizes
that the majority of patients with stage II
tumors are cured by surgery, and the value
of chemotherapy may be mitigated by
competing comorbidities. Ultimately, the
decision to employ adjuvant chemotherapy
must be reached through open discussion
between the oncologist and patient, based
on individual considerations, patient wil-
lingness, and tumor characteristics.

Literature Review
Oxaliplatin.—After oxaliplatin’s suc-

cessful use in treating advanced colon
cancer, a large, international phase III trial
investigated a potential role for oxaliplatin
in the adjuvant setting.17,22 In this trial—
the Multicenter International Study of
Oxaliplatin/5-FU/ Leucovorin in the Adjuvant
Treatment of Colon Cancer (MOSAIC)—

2,246 patients with stage II (40%) and
stage III (60%) colon cancer were randomly
assigned to treatment with infusional 5-FU/
LV (LV5FU2: 200 mg/m2 LV, bolus 400
mg/m2 5-FU followed by 22 hour infusion
of 600 mg/m2 5-FU, given every 14 days
for 12 cycles; n = 1,123), or FOLFOX4
(LV5FU2 + oxaliplatin 85 mg/m2; n = 1,123).
The primary study end point was DFS; secon-
dary end points included OS and safety.

Including data through January 2005,
the addition of oxaliplatin to LV5FU2 in
stage III patients improved DFS by 7.2%
(73.0% vs. 65.8%; HR = 0.75; 95% CI,
0.62–0.89) over that in the LV5FU2-alone
arm, which corresponded to a 25% relative
risk reduction. Median OS, reported in an
interim analysis, also improved by 3.2% in
stage III patients who received oxaliplatin
(HR = 0.86; 95% CI, 0.69–1.08). The
noted improvement in patient outcome
was accompanied by an increase in grade
3/4 toxicities. The addition of oxaliplatin to
LV5FU2 was associated with an increase in
neutropenia (41% vs. 4.7%), febrile
neutropenia (1.8% vs. 0.2%), diarrhea
(10.8% vs. 6.7%), vomiting (5.9% vs.
1.4%), allergy (3.0% vs. 0.2%), and
neuropathy (12.4% vs. 0%), but no
increase in mortality. The main safety con-
cern with oxaliplatin use is peripheral neuro-
pathy, which increases in duration and
severity with increasing cumulative dose.

The 6-year update of the MOSAIC trial
demonstrated a 2.6% (P = .057) OS bene-
fit, suggesting that the DFS benefit is now
translating into this key improvement in
survival.23 Importantly, the stage III sub-
group showed a 4.4% (P = .029) OS benefit
with the addition of oxaliplatin (Figure 1).

A second landmark phase III trial of
adjuvant oxaliplatin (NSABP C-07) investi-
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gated its addition to weekly bolus 5-FU/LV
for the treatment of patients with stage II
and III colon cancer.24,25 Patients were
randomly assigned to treatment with 5-
FU/LV (500 mg/m2 bolus 5-FU every week
for 6 weeks, 500 mg/m2 LV every week for
6 weeks of an 8-week cycle, for 3 cycles; n
= 1,207) or FLOX (5-FU/LV + 85 mg/m2

oxaliplatin on weeks 1, 3, and 5 of each
cycle; n = 1,200). The cumulative dose of
oxaliplatin in this trial was 765 mg/m2,
compared to a maximum of 1,020 mg/m2

in the MOSAIC trial. The primary study end
point was DFS.

After a median of 34 months’ follow-up,
FLOX-treated patients experienced a 21%
relative risk reduction and a 4.9%
improvement in DFS (76.5% vs. 71.6%; P
< .004) compared with those treated with
5-FU/LV alone. The overall rates of grade
3/4 toxicities were 50% (41% grade 3) in
the 5-FU/LV arm and 60% (50% grade 3)
in the FLOX treatment arm. Similar to
findings in the MOSAIC trial, oxaliplatin-
induced neurotoxicity was the main safety
concern. The incidence of grade 3 neuro-
toxicity increased from 1% in 5-FU/LV–
treated patients to 8% with the addition of
oxaliplatin, and the rate of diarrhea/
dehydration with bowel wall thickening
increased from 2.7% to 4.5%, respectively.
Administration of oxaliplatin had no effect
on mortality (1% for both arms).

Irinotecan.—The success of irino-
tecan in the treatment of metastatic colon
cancer has, interestingly, not translated
into the adjuvant setting. Available data do
not support a role for irinotecan in adjuvant
chemotherapy and the panel currently
recommends against its use in this setting.

The large Cancer and Leukemia Group
B (CALGB) 89803 trial investigated the

efficacy of irinotecan when added to bolus
5-FU/LV for the treatment of stage III colon
cancer.18 A total of 1,260 patients were
randomly assigned to treatment with bolus
5-FU/LV (Roswell Park) or IFL (125 mg/m2

irinotecan followed by 20 mg/m2 bolus LV
and 500 mg/m2 bolus 5-FU, administered
for 5 cycles of 4 weeks on/2 weeks off).
After more than 4 years’ median follow-up,
no statistically significant difference in the
survival curves emerged between the two
treatments (P = .81). Further, irinotecan
treatment was associated with a significant
increase in grade 3/4 neutropenia (43%
vs. 5%, P < .00001), grade 3/4 febrile
neutropenia (4% vs. 1%, P = .005), and
mortality (2.8% vs. 1.0%, P = .008). The
conclusions of this trial stated that weekly
bolus IFL should not be used in the treat-
ment of stage III colon cancer.

Both the Pan-European Trial in Ad-
juvant Colon Cancer (PETACC)-3 and the
ACCORD1 trials investigated a potential
role for irinotecan in stage II and III colon
cancer in combination with infusional 5-
FU (FOLFIRI).26,27 Neither trial demon-
strated superiority for the irinotecan-
containing regimen in terms of 3-year DFS.

Capecitabine.—An important new
development in the treatment of adjuvant
colon cancer was the demonstrated nonin-
feriority of capecitabine compared with
bolus 5-FU/LV (Mayo regimen) in the X-ACT
(Xeloda [capecitabine] in Adjuvant Colon
Cancer Therapy) study. The panel concurs
with the interchangeable use of capecita-
bine and 5-FU/LV treatment regimens in
stage III disease.

In the X-ACT trial, 1,987 patients who
underwent curative resection of stage III
colon cancer were randomly assigned to
treatment with either capecitabine (1,250

mg/m2 twice daily for 14 days every 3 weeks;
n = 1,004) or bolus 5-FU/LV (n = 983).19 The
primary objective of the trial was equivalency
in DFS. Secondary end points included
relapse-free survival, OS, and safety. The
findings of the trial demonstrated not only
capecitabine noninferiority to bolus 5-FU/
LV in terms of DFS (HR = 0.87; 95% CI,
0.75–1.00; P < .001), but revealed a trend
in favor of capecitabine treatment. Treat-
ment with capecitabine was also associ-
ated with longer relapse-free survival (HR
= 0.86; 95% CI, 0.74– 0.99; P = .04). In
addition, safety analysis indicated that the
onset of predefined grade 3/4 toxicities was
significantly reduced in patients treated
with capecitabine compared to those treated
with bolus 5-FU/LV (P < .001). These
findings indicated that adjuvant treatment
of stage III colon cancer with capecitabine
at the recommended dose and schedule is
at least equivalent to that of bolus 5-FU/LV
by the Mayo Clinic technique, and is
associated with reduced toxicity.

Adjuvant Chemotherapy for Stage
II Colon Cancer

Recommendation
The panel does not recommend that adju-
vant chemotherapy be routinely offered to
all patients with stage II colon cancer, but
advises that those who desire treatment
receive it, preferably as part of a clinical
trial. Risk assessment and patient selec-
tion for adjuvant chemotherapy for stage II
disease requires accurate pathologic
staging and should be based upon clinical
prognostic markers indicative of a high risk
of recurrence in this patient population: T4
tumor stage, inadequately sampled lymph
nodes (<10–12), tumor grade showing poor
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differentiation, lymphatic or vascular inva-
sion, tumor perforation, or obstructing tumors.

The panel emphasizes that the
existence of clinical markers of poorer
prognosis in stage II disease should not be
considered predictive of benefit from
adjuvant chemotherapy. The panel ad-
ditionally recognizes, however, that despite
the persisting controversy over patient
selection for chemotherapy for stage II
disease, evidence is mounting that there is
a subpopulation of these patients who are
indeed at higher risk of recurrence and
whose treatment needs were not fully ad-
dressed by previous treatment standards.

The challenge of counseling patients
with stage II tumors regarding their
individual treatment options depends on
open and honest discussion concerning
the risk:benefit ratio of chemotherapy.
Patients should be made aware of the
potentially small absolute benefit gained by
treatment with 5-FU/LV, and the small
increase in patient benefit resulting from
the addition of oxaliplatin. Appropriate
chemotherapeutic regimens available are
the same for stage II as for stage III disease
with the exception of capecitabine, whose
efficacy and safety were not evaluated in
the stage II disease setting. Again, the
value of 6 months of adjuvant chemo-
therapy balanced against potential cumu-
lative toxicity should be addressed on an
individual basis. The panel supports
deleting oxaliplatin from treatment and
continuing with 5-FU/LV alone when
related toxicities become problematic.

Other treatment regimens appropriate
for this disease setting are bolus or
infusional 5-FU/LV regimens or oral
capecitabine. Ultimately, appropriate treat-
ment choices for stage II colon cancer
must be based on the existence of clinical
markers of poor prognosis, individual
concerns and patient willingness, and
tumor characteristics.

Literature Review
Controversy has persisted for years over
the validity of chemotherapy in the treat-
ment of stage II colon cancer. The reports
concerning the extent to which patients
with stage II disease have benefited from
adjuvant chemotherapy have varied. Two
major European trials—one done by a
team based in England called the QUASAR

(Quick and Simple and Reliable) group,
and the other performed by the French
GERCOR (Groupe d’Etude et de Recherche
en Cancréologie Onco-Radiothérapic)
group, referred to as the MOSAIC study,
are informative concerning the potential
relative and absolute benefits of chemo-
therapy in this setting.22,28

To assess the survival benefit gained
from adjuvant chemotherapy in patients
with colon cancer, the QUASAR study
randomized a total of 3,239 patients (91%
stage IIB) to treatment with 5-FU/LV, with
or without levamisole, (Mayo or Roswell
Park, 6 months; n = 1,622) or observation
only (n = 1,617) after curative resection.28

Treatment of patients with 5-FU/lev signifi-
cantly increased 5-year survival by approx-
imately 3 percentage points as compared
with that in patients observed after surgery
(80.3% vs. 77.4%; relative risk of death
0.83; 95% CI, 0.71–0.97; P = .04).
Although the trial studied a somewhat
heterogeneous population, including some
patients who received radiation therapy,
the findings of QUASAR marked the first
demonstration of a statistically significant
survival benefit for adjuvant chemotherapy
for stage II patients.

In addition, 40% of the patients
enrolled in the MOSAIC trial had stage II

tumors (n = 899) and were randomized to
receive FOLFOX4 (n = 451) or LV5FU2
(n = 448) treatment.22 A total of 87% of
patients with stage II disease treated with
FOLFOX4 were disease-free 3 years post
therapy compared with 84.3% of those
treated with LV5FU2 (HR = 0.80; 95% CI,
0.56–1.15); this represented an improve-
ment of approximately 3% in DFS and a
20% recurrence risk reduction in the
FOLFOX4 treatment arm. Subgroup analy-
sis of patients with clinical markers of poor
prognosis (T4 stage, bowel obstruction,
tumor perforation, poorly differentiated
tumor, lymphovascular invasion, fewer
than 10 sampled lymph nodes) found that
high-risk stage II patients treated with
oxaliplatin experienced an improvement in
DFS of 5.4% (HR = 0.76).

Importantly, findings of this trial
revealed that patients with stage II disease
with clinical prognostic markers of high
risk of recurrence might benefit more from
adjuvant chemotherapy than those with a
better prognosis. However, unlike the
result in stage III patients, the 6-year
update of the MOSAIC trial showed no OS
survival benefit for the stage II patients
regardless of their risk stratification with
the addition of oxaliplatin (Figure 1).23 This
result does not say that 5-FU did not help

Table 3. Status of potential clinical and molecular prognostic markers for high-risk colon
cancer.

Prognostic marker Recommended/proven References

Clinical

Tumor stage (T3 vs. T4) Yes 20, 28–30

Inadequately sampled lymph nodes (<12) Yes 20, 28–30

Poor tumor cell differentiation Yes 20, 28–30

Extramural venous invasion Yes 20, 28–30

Tumor perforation Yes 20, 28–30

Molecular

CEA Yes 20, 28–30

CA 19-9 Insufficient data 20

DNA ploidy Insufficient data 20

p53 Insufficient data 20

ras Insufficient data 20

TS, DPD and TP Insufficient data 20

MSI Insufficient data 20,34

18q LOH/DCC Insufficient data 20

Abbreviations: CEA = carcinoembryonic antigen; DCC = deleted in colon cancer; DPD = dihydropyrimi-
dine dehydrogenase; LOH = loss of heterozygosity; MSI = microsatellite instability; TP = thymidine
phosphorylase; TS = thymidylate synthase.
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patients with stage II disease, only that
oxaliplatin did not in this subgroup
analysis.

CLINICAL AND MOLECULAR
PROGNOSTIC MARKERS FOR
HIGH RISK
There are two types of potentially informa-
tive indicators when trying to identify stage
II patients at higher risk of disease recur-
rence. The first, which has been well
described in the literature, assesses risk by
identifying tumor characteristics that corre-
late with poorer prognosis. In 1999, the
College of American Pathologists convened
a consensus conference to assess prog-
nostic factors associated with various solid
tumors.29–31 Some of the factors outlined in
the consensus statement that the panel
agreed were proven to be prognostic were T
stage (depth of tumor penetration); nodal
status assessed by at least 12 sampled
nodes (with the recommendation to use
visual enhancement if less than 12 are
found, based on findings that an in-
creasing number of lymph nodes sampled
was significantly associated with an
increasing percentage of specimens with
lymph node metastases32); perioperative
CEA level; and extramural venous invasion.

Other clinical factors listed as “promis-
ing” prognostic factors were histologic
tumor grade and radial margin status. In
the clinical setting, a higher risk of recur-
rence in stage II disease is indicated by
advanced tumor stage, inadequate (<12)
sampled nodes, poor cell differentiation,
the presence of venous invasion, tumor per-
foration, and an obstructing tumor (Table 3).

A key future challenge in the adjuvant
chemotherapy of stage II disease is the
identification of molecular prognostic

markers that indi-
cate an individual’s
risk of recurrence
and, hence, allow
clinicians to better
select those for
whom the risk:benefit
ratio may be more
favorable. A recently
published ASCO con-
sensus report could
not recommend any
tumor markers for
assessing prognosis
in colon cancer pa-
tients.21 The report
noted the correla-
tion between elevated CEA and poor
prognosis, but stated that the data remain
insufficient to recommend its use in deter-
mining which patients should receive
adjuvant chemotherapy.

The consensus panel agreed that data
were insufficient to recommend CA 19-9,
DNA ploidy, p53, ras, thymidylate syn-
thase, dihydropyrimidine dehydrogenase,
thymidine phosphorylase, MSI, and 18q
LOH/DCC as markers of prognosis. Not-
withstanding, 18q LOH and MSI remain of
interest in colon cancer, and tumor status
for these molecular markers is pro-
spectively being used to randomize
patients with stage II disease to treatment
with adjuvant chemotherapy in theEasternCo-
operative Oncology Group (ECOG) 5202 trial.

FUTURE DIRECTIONS
The focus of ongoing and future clinical trials
addresses the potential role of both molec-
ular prognostic markers and biologic agents
in the adjuvant treatment of colon cancer.
Several trials warrant mention (Table 4).

Eastern Cooperative Oncology
Group Study 5202
This trial by the ECOG is investigating
bevacizumab, the vascular endothelial
growth factor (VEGF)–targeted antibody, or
placebo administered in combination with
5-FU/LV/oxaliplatin (modified [m] FOLFOX6)
in high-risk stage II patients. The first of its
kind, this trial prospectively stratifies
patients based on the status of the putative
high-risk molecular markers, 18q LOH and
microsatellite stability (MSS). Notably, this
trial is not designed to test the predictive
value of these markers, which would
require many thousands more patients.33

Interest in these two potential bio-
markers stems from the investigation of MSI
and 18q LOH/DCC status of 145 consecu-
tively resected stage II/III colorectal carci-
nomas.34,35 These findings demonstrated
that a subgroup of patients with stage II
tumors marked by MSI and 18q LOH had
a risk of recurrence comparable to those
with stage III disease. In ECOG 5202,
patients deemed at high risk of recurrence

Table 4. Clinical trials key for the future of adjuvant chemotherapy in colon cancer.

Trial name Stage Status Trial schema

XELOXA NO16968 III Closed XELOX vs. bolus 5-FU/LV (Mayo or Roswell Park)

NSABP C-08 II and III Closed mFOLFOX6 ± bevacizumab (12 months)

AVANT II and III Recruiting FOLFOX4 vs. FOLFOX4 + bevacizumab (12 months) vs. XELOX + bevacizumab (12 months)

ECOG 5202 II Recruiting High risk (MSS, LOH 18q)-> mFOLFOX6 ± bevacizumab; low risk-> observation

ECOG/N0147 III Recruiting mFOLFOX6 ± cetuximab

PETACC-8 III Recruiting FOLFOX4 ± cetuximab

Abbreviations: 5-FU = 5-fluorouracil; ECOG = Eastern Cooperative Oncology Group; FOLFOX4 = 5-fluorouracil/leucovorin/oxaliplatin; LOH = loss of heterozygosity;
LV = leucovorin; mFOLFOX6 = modified 5-fluorouracil/leucovorin/oxaliplatin; MSS = microsatellite stability; NSABP = National Surgical Adjuvant Breast and Bowel
Project; PETACC = Pan-European Trial in Adjuvant Colon Cancer; XELOX = capecitabine/oxaliplatin.
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Figure 1. Data from 6-year update of the MOSAIC trial. Overall survival in
stage II vs. stage III patients. From de Gramont et al.23
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using these two markers will be random-

ized to receive either mFOLFOX6 or

mFOLFOX6 plus bevacizumab. Patients

without these high-risk factors do not

receive chemotherapy and are observed

for the duration of follow-up.

NSABP C-08 and AVANT BO17920
Bevacizumab Trials
Two additional trials are investigating the

potential role of bevacizumab in the ad-

juvant setting. In the NSABP C-08 phase III

trial, which has already completed accrual,

stage II and III patients were stratified by

number of positive nodes (0, 1–3, >3) and

then randomized between treatment with

mFOLFOX6 every 2 weeks (oxaliplatin 85

mg/m2 IV day 1; LV 400 mg/m2 IV day 1;

5-FU 400 mg/m2 bolus day 1; 5-FU 2,400

mg/m2 continuous IV infusion over 46 hours)

with or without bevacizumab (5 mg/kg

every 2 weeks for 1 year). The primary

study objective is to compare the relative

efficacy of mFOLFOX6 plus bevacizumab

with that of mFOLFOX6 alone in prolonging

DFS and OS. Neither of these trials is

prospectively evaluating the role of treat-

ment in stage II patients.

The AVANT BO17920 study is an inter-

national phase III trial investigating the role

of both bevacizumab and capecitabine in

the adjuvant setting within one protocol.

Patients with stage II and III cancer are

randomized between the treatment arms

FOLFOX4, FOLFOX4 plus bevacizumab (5

mg/kg every 2 weeks), and capecita-

bine/oxaliplatin (XELOX) plus bevacizumab

(7.5 mg/kg every 3 weeks). This treatment is

continued for 24 weeks, and then the

FOLFOX4 or XELOX discontinued, leaving

the treatment arms of observation and

bevacizumab (7.5 mg/kg every 3 weeks,

for both bevacizumab-containing arms) for

the last 24 weeks of intervention. The

primary end point of the trial is DFS, with

secondary end points that include safety,

OS, pharmacogenomics, pharmacody-

namics, convenience, and satisfaction with

chemotherapy. The AVANT trial was

stopped for 5 months (beginning in

February 2006) due to a perceived

elevated death rate in the XELOX plus

bevacizumab arm, but has recontinued

and is currently recruiting patients.

XELOXA NO16968 Capecitabine
Study
Specifically addressing the contribution of
capecitabine to adjuvant chemotherapy,
the XELOXA trial randomized patients with
stage III disease to treatment with either
bolus 5-FU/LV (Mayo Clinic: LV 20 mg/m2 +
5-FU 425 mg/m2 on days 1–5, every 4
weeks for 6 cycles; or Roswell Park: LV 500
mg/m2 + 5-FU 500 mg/m2 day 1, every
week for 6 weeks in each 8-week cycle, 4
cycles total) or XELOX (capecitabine 1,000
mg/m2 bid days 1–14 + oxaliplatin 130
mg/m2 day 1, every 3 weeks for 8 cycles).
The primary end point of the trial is DFS
and results are expected in 2007. A report
of the safety of XELOX indicated that the
incidences of grade 3/4 toxicities for
5-FU/LV (n = 924) and XELOX (n = 937)
were as follows: diarrhea, 20% vs. 19%;
stomatitis, <1% vs. 8%; nausea, 5% vs. 4%;
vomiting, 6% vs. 3%; neurosensory, 11%
vs. 0%; hand-foot syndrome, 5% vs. <1%;
neutropenia, 8% vs. 15%; and febrile
neutropenia, <1% vs. 4%, respectively.36

NCCTG N0147 and PETACC-8
Studies of Cetuximab
Both the North Central Cancer Treatment
Group (NCCTG) N0147 (American) and
the PETACC-8 (international) trials are
investigating the role of cetuximab in the
adjuvant setting. Both trials are currently
recruiting stage III patients and will
compare the efficacy of an oxaliplatin-
containing regimen (mFOLFOX6 in N0147
and FOLFOX4 in PETACC-8) with and
without cetuximab. The primary end point
for both trials is DFS.

CONCLUSION
Adjuvant chemotherapy is considered a
standard component of care for patients
with stage III colon cancer, while this
approach is still being debated for patients
with stage II disease. The recommendation
for or against adjuvant therapy requires an
individualized approach based on multiple
factors including patient medical history
and health status and tumor-specific
factors considered reliable indicators of
recurrence risk. Patients with high-risk
stage II disease as characterized by
obstruction, perforation, or a surgical
pathology report that includes less than 12
lymph nodes after diligent efforts on the

part of the pathologist to isolate additional
nodes, should likely be treated with
adjuvant FOLFOX therapy. In patients
without high-risk features, after review of
the data on the potential benefits of
therapy, patients and physicians should
individualize their choice of therapy vs.
follow-up.

The toxicities of treatment and patient
preferences also play important roles in
selecting postsurgical management ap-
proaches. Results of recently completed
and ongoing trials will help define patient
populations at high risk for recurrence who
are therefore the most appropriate candi-
dates for adjuvant therapy, and determine
the role of new targeted therapies in this
setting as well. In the future, with the
identification of molecular prognostic and
predictive markers, we may be able to
identify patients likely to benefit from
adjuvant chemotherapy, as well as which
combination of agents would be most
effective and least toxic.
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